In the re-investigation by neutron powder diffraction of 3 mol% yttria-tetragonal zirconia polycrystal (Y-TZP), it was realized that the sample, initially taken to be single-phase tetragonal zirconia, was in fact a two-phase mixture of the tetragonal (80%) and cubic (20%) polymorphs. Two-phase refinement gave for the tetragonal phase [P4flnmc, a --3.6008 (1), c = 5.1793 (1) A,I the results zo = 0.4564(1), Bzr.y = 0.45 (2) and Bo = 0.72 (2)A, 2. Refinement on the basis of a single-phase tetragonal sample yielded values for the position and displacement parameters somewhat biased towards those pertaining to the cubic phase. The conclusions from previous studies have been re-examined in the light of the present work.
Introduction
Pure zirconia at ambient pressures occurs in three polymorphic forms: monoclinic zirconia stable to about 1440 K, tetragonal zirconia stable from 1440 to about 2640 K and cubic zirconia stable at higher temperatures. The high-temperature cubic and tetragonal forms can be stabilized at room temperature by the removal of oxygen (that is, the introduction of oxygen vacancies); this is achieved by the incorporation of suitable oxide stabilizers such as MgO, CaO or Y203. Yttria-tetragonal zirconia polycrystal (Y-TZP) is a fine-grained ceramic in the composition range 2.5-3.5 mol% Y203-ZrO2, which is prepared by firing at about 1770 K then cooling rapidly (Green, Hannink & Swain, 1989) .
There have been several studies of Y-TZP using neutron powder diffraction and the Rietveld (1969) method for data analysis. Howard, Hill & Reichert (1988) completed such a study of 3 mol% Y203-ZrO2 ceramic as part of a more comprehensive investigation of the three zirconia polymorphs already mentioned. The results were, for the position parameter of the O atom (the only position parameter not determined by symmetry), Zo --0.4587 (2), and for the isotropic displacement parameters Bzr,v = 0.65 (2) and Bo = 0.98 (2)/~2. The fit was by most standards satisfactory (RB = 3.5%, Rwp = 9%), and the results have been included in the most recent edition of Pearson's Handbook (Villars & Calvert, 1991) . In a subsequent study of 3 mol% Y203-ZrO2 powder, Hill, Hartshorn & Houchin (1988) obtained closely similar values for the crystallographic parameters. Quantitative analysis relative to 25% by weight KCI added as an internal standard, however, indicated a shortfall in the tetragonal form, so Hill inferred the presence of 11 wt% amorphous material. Martin, Boysen & Frey (1993) reported another investigation of Y-TZP, which included measurements made at elevated temperatures. From the pattern recorded at room temperature, they obtained results [e.g. zo -0.4589 (4)] in very close agreement with those obtained by Howard, Hill & Reichert (1988) . They commented on the value of the oxygen displacement parameter, and suggested that this must include a static disorder contribution in the range 0.1 to 0.3 ~2. It is well established (Argyriou, 1994) that there is a static disorder contribution in cubic stabilized zirconia, in which, however, both the oxygenvacancy concentration and the measured displacement parameters are significantly higher. In all these studies, it was assumed that at room temperature the samples (all 3 mol% Y203-ZrO2) were single-phase tetragonal zirconia.
Experimental and data analysis
The Y-TZP ceramic was fabricated by ICI Advanced Ceramics (Redwood Drive, Clayton, Victoria 3168, Australia) from 3 tool% Y203-ZrO2 pre-fired powder supplied by the Daiichi Kigenso Kagaku Kogyo Company Ltd (Koraibashi 4-Chome Chuo-Ku, Osaka 541, Japan). The powder was milled, then isostatically pressed into a pellet that was fired at 1770 K for 2 h. The final ceramic was cylindrical, approximately 15 mm in diameter by 20 mm long. The neutron powder diffraction pattern was recorded, at room temperature, using the high-resolution neutron powder diffractometer (Howard, Ball, Davis & Elcombe, 1983) (2) 0.98 (2) 1.01 (2) 0.79 (5)+ Equivalent isotropic displacement parameters derived from the anisotropic parameters given by these authors.
1.4925/~, over the 20 range 0 to 155 ° with a step size of 0.05°. *
The data were analysed using the program LHPM (Hill & Howard, 1986) . The models used for the crystal structures of the tetragonal and cubic polymorphs of zirconia included the assumption of a random substitution of yttrium for zirconium and a statistical distribution of the associated oxygen vacancies -the cubic polymorph was otherwise taken to be simple fluorite with a = 5.1274/~. The peak shapes were described by Voigt functions, the widths of the Gaussian and Lorentzian components being coded to vary according to the Caglioti, Paoletti & Ricci (1958) function (instrumental effects) and with sec 0 (to model crystallite size effects), respectively; an allowance was also made for peak asymmetry. The background was fitted by a simple polynomial. The values used for the scattering lengths of zirconium, yttrium and oxygen were 7.160, 7.75 and 5.805 fm, respectively. The amount of cubic zirconia was estimated from the scale factors obtained in the final two phase refinements (Hill & Howard, 1987) .
Results
The diffraction pattern was generally similar to those obtained previously from Y-TZP, so in the first refinements single-phase tetragonal zirconia was assumed. The sample was taken to have its nominal composition, viz Zr0.942Y0.05801.971. Starting values for the structural parameters were taken from Howard, Hill & Reichert (1988) . The refinement proceeded routinely, and the results obtained are shown in Table 1 where they are compared with results obtained in previous studies -the agreement with those is excellent. The fit obtained in this analysis is shown, in the usual manner, in the upper part of Fig. 1 -the measures of fit were RB = 4.4% and Rwp = 14.8%.
Although the fit obtained as described above is, by usual standards, reasonably satisfactory, it is not yet perfect. The difference plot reveals problems in the * The observed neutron diffraction data have been deposited (on diskette) with the IUCr (Reference: HZ0020). Copies may be obtained through The Managing Editor, International Union of Crystallography, 5 Abbey Square, Chester CHI 2HU, England.
fitting of the diffraction profiles between closely spaced pairs of peaks from the tetragonal structure -examples are at 20 values of about 48, 91 and 134 °. These are just the angles at which the 220, 442 and 620 reflections from the cubic phase would appear. Similar problems can be seen in the difference plots shown by Howard, Hill & Reichert (1988) in their Fig. l(b) , and by Hill, Hartshorn & Houchin (1988) . The inevitable conclusion is that our Y-TZP, in common with Y-TZP examined by previous workers (Howard et al., 1988; Hill et al., 1988; Martin et al., 1993) is not single-phase tetragonal but a twophase mixture of tetragonal with cubic zirconia. This conclusion was confirmed by completion of the twophase Rietveld analysis -the corresponding fit, shown in the lower part of Fig. I , is essentially perfect (RR = 2%, Rwp --7.4%). In the final two-phase refinement, the tetragonal and cubic components were assumed to have the compositions indicated by the phase diagram (see discussion), viz Zro.963 Y0.037 OI.982 and Zr0.871Y0.12901.935;  the crystallographic parameters for the tetragonal phase (2) 0.4569 (2) 0.77 (2) derived from this refinement are given in Table 2 . The data from Howard, Hill & Reichert (1988) , too, were analysed on the basis of a two-phase sample and the parameters obtained from this re-analysis are also in Table 2 .
Discussion
The amounts of cubic zirconia in the samples, for example 16% by mass in the sample studied by Howard, Hill & Reichert (1988) and 21% in the sample examined here, are surprisingly large considering how difficult it has been to recognise its presence, but not so surprisingly large according to the applicable phase diagram (Scott, 1975) for the system Y203-ZrO2. This diagram shows that, at the sintering temperature, the material will approach an equilibrium that is a mixture of the tetragonal phase relatively low in stabilizer with a substantial fraction of the cubic phase having a higher stabilizer content. The values for the crystallographic parameters derived from the two-phase refinements ( Table 2 ) must now be regarded as the preferred values for the tetragonal phase. It is of interest to re-examine the values from the singlephase refinement (Table 1) to see what deviations result from neglect of the cubic component. The single-phase refinement gave, for the oxygen position parameter, zo = 0.4583 (2), shifted slightly from the now preferred zo = 0.4564(1) toward the value (0.5) it has in the cubic phase. The single-phase refinement gave higher values for the isotropic displacement parameters than the two-phase refinement -in fact, the values obtained were simply the composition-weighted averages of the lower values for the tetragonal phase and higher values for the cubic phase [Bzr,v = 0.8 (1), Bo = 1.9 (1) A, 2] obtained in the two-phase refinement. In view of the fact that the now preferred displacement parameters are less than those obtained previously from refinements of Y-TZP as a single-phase material, the arguments of Martin, Boysen & Frey (1993) on the static disorder contribution need to be examined afresh. In his quantitative analysis of powder (Hill, Hartshorn & Houchin, 1988) , the shortfall of crystalline tetragonal material that Hill attributed to unidentified amorphous material was very likely due to an unrecognised cubic component.
